resistance, or resistance to environmental stresses, are likely to display increased overall fitness and competitiveness, and their spread may have serious agronomic and environmental implications (Warwick et al., 2003; Watrud et al., 2004; Reichman et al., 2006) . Natural selection of a favourable allele in an interspecific context has long been neglected but while the spread of an introgressed allele is possible through neutral evolution, it can thrive much more successfully through natural selection even with low selective advantage Rieseberg and Burke, 2001) .
Wild species and crops are growing in sympatry in many documented situations (see Ellstrand et al., 1999 for a review) . In these complexes of species, either the direct wild ancestor of the crop or any related species could be a possible recipient of the crop genes. The probability of interspecific hybridization depends on various factors, such as phylogenetic relatedness, mating systems, and density and spatial distribution of wild relatives (Warwick et al., 2003; Chevre et al., 2003) . Nevertheless, the main goal is not to prove that interspecific hybridization occurs in nature and may impact the species communities, but to document the likelihood of chromosome segment transmission and to describe the ways of gene exchange and transfer between species. Figure 1 illustrates the various pathways that a crop nucleotide sequence must follow to be stably incorporated into a wild related species. In this paper we review the utility of cytological methodologies to investigate the critical steps in the route and to identify the mechanisms and the fate of a transferred chromosome segment.
The tools
This section briefly describes the most common methods used for chromosome analysis in interspecific hybrids and their progenies.
Classical cytogenetic methods
Traditional dyes (aceto-carmine, aceto-orcein, Feulgen and variants) bind chromatin and nicely stain chromosomes for optical microscopy. Despite the great development of newer alternatives, these staining methods are still commonly used to visualize chromosomes both in mitotic and meiotic cells. Their main limitation is that individual chromosomes within a complement cannot be identified unless they differ morphologically, i.e., by size, centromere position, presence or location of secondary constrictions, etc.
Several staining methods provide distinctive and reproducible banding patterns for specific chromosomes or genomes based on the size and location of different classes of chromatin. Among the classical banding methods, C-banding has been the most frequently used for identification of individual plant chromosomes either at mitosis or meiosis (e.g., Dhaliwal et al., 1977; Gill et al., 1991) ( Fig. 2 ) . It is worth mentioning that a perfectly distinctive band pattern on mitotic karyotypes may not be as easily resolved on metaphase-I (MI) cells due to the different morphology of chromosomes at this meiotic stage. This explains why many reports that document the employment of C-banding for meiotic MI pairing analyses have not used the technique to identify specific chromosomes but to simply discriminate genomes with sharply distinct banding patterns (e.g., Hutchinson et al., 1983) .
Cytomolecular methods
Fluorescent in situ hybridization (FISH), using different classes of DNA sequences as probes, has been extensively used for cytological discrimination of specific chromosomes and individual genomes in many plant species Gill, 1994, 2006 Steps in the crop-to-wild gene flow route. 1: Interspecific hybridization. 2: Chromatid exchange between crop and wild chromosomes. 3: Production of functional gametes and fertilization. 4: Transmission of crop-wild recombinant chromosomes during karyotype evolution. The red block represents a crop genetic sequence successfully introgressed, whereas the blue block represents a non-recombined sequence that will likely be lost during karyotype evolution in the hybrid lineage.
numerous references illustrating the use of different FISH approaches in interspecific hybrids and derivatives from most of the crops for which gene flow to wild relatives has been documented (wheat, rice, oilseed rape, cotton or sunflower, among others).
FISH using total genomic DNA labelled probes (GISH) easily and reliably informs on the genome adscription of specific chromosomes (or chromosomal segments) in many multigenomic materials based on colour codes ( Figs. 3 -5) . The technique is sometimes referred to as multicolor-GISH when differentially labelled genome probes are simultaneously hybridized to chromosome spreads. In some instances, the presence of shared sequences in the target and non target genomes results in cross-hybridization signals of total genomic DNA probes which could hinder their undoubted discrimination. Other classes of genome-specific DNA probes offer an emerging alternative to solve this technical problem. So, BAC derived probes are now available for FISH approaches (BAC-FISH) to paint constituent genomes in some important allopolyploid crops like wheat and oilseed rape (Leflon et al., 2006) ( Fig. 6 ). Another promising result is the successful discrimination of parental genomes in interspecific hybrids within the genus Oryza by means of Cot-1 DNA fluorescent probes (Lan et al., 2006) ( Fig. 7 ) . It must be noticed that the labelling pattern of some genome-specific repeated DNA probes is spotty or banding-like, instead of homogeneous along the entire chromosomes. This may represent a limitation for visualization of introgressions involving non-labelled chromosome segments.
Many other different DNA probes have been successfully used for identification of specific chromosomes based on physical location of FISH signals. The whole chromosome complement of some crop species can be individualized by sequential FISH using appropriate sets of selected repeated DNA probes (Cuadrado et al., 1997; Irigoyen et al., 2002) . However, only a few chromosomes are marked in most instances (e.g., Pickering et al., 2004) . Combination of repeated and genomic probes has been demonstrated to be a great improvement in identification of particular chromosomes and chromosomal segments in multigenomic materials (Dong et al., 2001; Maluszynska and Hasterok, 2005; Cifuentes et al., 2006; Herrera et al., 2007) ( Figs. 8-10 ).
It is far from the scope of this section to describe in any detail the different types of DNA probes (from repeated DNA sequences and BAC clones to microdissected chromosomes or single-copy genes) and chromatin targets (mitotic chromosomes, pachytene spreads, extended DNA fibers, etc.) that can be used in FISH experiments (reviewed in Gill, 1994, 2006; Lam et al., 2004) . However, based on the current technological progress, the potential of FISH approaches for identification of specific segments on individual chromosomes seems unlimited. A recent nice example is the development of a complete set of chromosomespecific BAC-derived probes that allows unambiguous identification of all the chromosome pairs in tetraploid cotton (Wang et al., 2007) . DAPI is a fluorescent dye that binds DNA and stains chromosomes for fluorescent microscope observations. In some species, this staining technique represents a helpful tool for the identification of individual chromosomes (e.g., Fransz et al., 1998) . However, DAPI is generally used as the modern equivalent of traditional dyes, for mere visualization of chromosomal bodies without any further detail.
Flow cytometry
Flow cytometry can be used to measure the amount of DNA per cell, for chromosome counting and determination of cell size (e.g., Dolezel et al., 1994; Bretagnolle and Thompson, 1995) . Its applications to the study of the processes described below will be considered.
Studies on the gene flow route
The majority of the studies presented here was conducted on artificial hybrid combinations mostly obtained for breeding purposes, but demonstrate that the analytical tools are valuable in the scope of crop-to-wild spontaneous gene flows.
Hybridity
In the case that a rare individual is found within a wild population that grows in the vicinity of a crop field, both belonging to distinct but related species, several cytological analyses can confirm whether or not that out-of-type form is actually a hybrid.
When parental species differ in their DNA content, flow cytometry is a quick and precise method which represents an advantageous alternative over any approach based on chromosome analysis to check a large number of putative hybrids (e.g., Ochatt et al., 2004; reviewed in Eeckhaut et al., 2005; Marasek et al., 2006) .
Karyotyping is more laborious but also more confident in any situation. Nonetheless, the technique to be employed will depend on some distinctive karyotype characteristics between the supposed parents. Thus, chromosome counting by any conventional staining method is the easiest cytogenetic tool if the parental species possesses different 2n values (for instance, diploid versus polyploid, or two diploids with different basic numbers) or show remarkably distinct chromosome morphologies (Eber et al., 1994; Mariam et al., 1996; Chen et al., 1997; Hussain et al., 1997) . However, when the karyotypes of the parental species are similar, techniques that provide cytological discrimination between both chromosome complements such as GISH (Karlov et al., 1999; Piperidis et al., 2000) , FISH with appropriate labelled probes (Lan et al., 2006) and, in some cases, C-banding (Rodriguez et al., 2000) are the only reliable methods for mitotic assessments on the hybrid nature of a plant ( Figs. 3 , 7) .
Interspecific hybrids usually display low meiotic chromosome pairing, which is mainly attributed to reduced homology between the parental genomes. This well documented feature provides then another tool for verification of hybridity based on the level of chromosome association at meiotic MI (e.g., Xu and Lu, 2004) . Traditional (or DAPI) staining methods are adequate for this purpose, so more time-consuming methods are not required. Additionally, this approach permits us to determine the 2n value of the individual which might be sufficient to elucidate whether it is an interspecific hybrid.
It could be argued that screening for hybrids by molecular markers is much simpler and allows quicker analysis of larger samples. However, these approaches require that the marker profile is previously demonstrated to be distinct in both parental species. Many crops are very well studied at the molecular level but much less knowledge, if any, is usually available about most wild relatives. In this case, the occurrence of false positives cannot be excluded even if a given marker had been previously considered as crop-specific. This limitation is overcome by the cyto-tools described above which may represent the only available technique in some instances, while in others they could serve to contrast the validity of molecular results.
Potential of crop-to-wild genetic transfer
The most extended method to assess the likelihood of genetic exchange between any two species has been the study of chromosome association at MI in their hybrids. This approach is based upon the generalized assumption that the level of meiotic recombination between two chromosomes (either homologous or homoeologous) strictly depends on the extent of chromosome pairing and chiasma formation between them.
Most of the studies reporting chromosome pairing analyses in interspecific hybrids are based on the scoring of meiotic configurations (namely, univalents, rod and ring bivalents, trivalents, etc.) on MI cells but some reports on the extent of synapsis at the pachytene stage can also be found (Xiong et al., 2006) . Traditional dyes or modern equivalents like DAPI are the easiest and less time-consuming tools for the purpose when both parental species are diploids because the chromosomes in the hybrid have only the choice of allosyndetic (crop-wild) pairing. Then the mere counting of chromosomal arm associations (one in rod bivalents, two in ring bivalents) serves to predict the extent of intergenomic recombination between the two parental genomes (Ishizaka, 1994; Haroun, 1996; Reddy et al., 2001; Xu and Lu, 2004) . It must be noted here that MI pairing between nonhom(e)ologous chromosomes has been demonstrated to occur in interspecific hybrids (e.g., Dhaliwal et al., 1977) , but its frequency is always considered as negligible.
The use of uniform staining techniques is questionable in crop-wild combinations where one or both of the parental species are polyploids since autosyndetic (crop-crop or wildwild) in addition to allosyndetic MI pairing can regularly form in the hybrids. This holds for some relevant crops like wheat, cotton, and oilseed rape. In such situations, the extent of allosyndetic pairing has been frequently deduced from the number of meiotic configurations larger than expected if only autosyndetic pairing had taken place (e.g., Kerlan et al., 1993; Hussain et al., 1997; Choudhary et al., 2000) . However, the occurrence of chiasmate associations between the crop and the wild genomes in these polyploid interspecific hybrids must be assessed by approaches ensuring that both types of pairing partners are cytologically distinguished, so the extent of crop-wild MI pairing can be accurately quantified.
C-banding was the earliest alternative in order to discern specific chromosomes or genomes on MI spread cells (Dhaliwal et al., 1977) . However, its use has been almost exclusively limited to wheat and other cereals possessing large chromosomes and distinctive C-banding ( Fig. 2 ) . During the 80's and 90's, Naranjo and co-workers authored thorough reports where the meiotic pairing pattern was determined for individual wheat and related homoeologous partners in several interspecific hybrid combinations (Naranjo et al., 1987; Naranjo and Maestra, 1995; Maestra and Naranjo, 1997; Rodriguez et al., 2000) . In most other cases, the C-banding technique was employed to differentiate wheat and alien genomes but further discrimination of specific chromosomes was not attempted (Hutchinson et al., 1983; Cuñado et al., 1986; Jouve and Giorgi, 1986; Fernandez-Calvin and Orellana, 1992; Fernandez-Calvin et al., 1995) .
Soon after GISH proved to be able to detect alien chromatin within a wheat background (Schwarzacher et al., 1992) , the technique was applied to distinguish autosyndetic from allosyndetic MI pairing in durum wheat ! Thinopyrum bessarabicum hybrids (King et al., 1993) . Nowadays, this cytomolecular tool has become the most extended method for MI pairing analyses of interspecific hybrids not only from wheat (e.g., Benavente et al., 1998; Jauhar et al., 2004) but from many other crop species as distinct as tomato (Ji and Chetelat, 2003) , onion (Stevenson et al., 1998) , barley (Zhang et al., 1999) , maize (Gonzalez et al., 2006) , dahlia (Gatt et al., 2000) , lily (Lim et al., 2001) , rice (Xiong et al., 2006) and several brassicas (Wang et al., 2004; Wei et al., 2006) , among others ( Figs. 4, 8) . Genome painting based on genome-specific repeated DNA probes has recently been presented as a reliable alternative for discrimination between homoeologous partners in MI pairing analyses (Leflon et al., 2006) ( Fig. 6 ) .
FISH with selected probes has also allowed identification of allosyndetic MI pairing for specific chromosomes (Pickering et al., 2004) . This is highlighted by the study of Cuadrado et al. (1997) who individually recognized the whole chromosome complement of wheat ! rye hybrids in MI cells by combining five distinct repeated DNA probes. When multigenomic hybrids are under analysis, sequential or simultaneous hybridization of genomic probes with ribosomal DNA and other repeated DNA probes greatly helps to characterize whether specific chromosomes are or are not involved in pairing configurations (Stevenson et al., 1998; Cifuentes et al., 2006) ( Fig. 8 ). Meiotic MI labelling of individual chromosomes by means of BAC-FISH has also been reported by Leflon et al. (2006) ( Fig. 6 ) .
The identification and quantification of crop-wild chromosome pairing is the most valuable yield from MI pairing analyses in interspecific hybrids. However, the pattern of MI meiotic configurations can also serve to disclose structural differences between the parental genomes (Rao et al., 1992; Ulloa et al., 1994) .
Under the assumption that chiasma formation is followed by chromatid exchange between the hom(e)ologous pairing partners, estimation of the extent of crop-alien meiotic recombination has been attempted in a number of interspecific hybrids by cytological analyses at anaphase I (AI) and other post-MI meiotic stages (Orellana, 1985; Benavente et al., 1996; Zhang et al., 1999) . However, reliable identification of AI recombinant chromosomes is always much more problematic than discrimination of the chromosome partners in an MI pairing configuration. Some methods like C-banding and FISH with genome-specific probes provide heterogeneous labelling of the target genomes since only certain regions of their chromosomes are physically marked (see Figs. 2 , 6, 8) . Because of the predominantly distal chiasma location in distant hybrids, these methodologies become useless for quantification of intergenomic recombinants except if all or most of the chromosomal ends of the labelled genome are actually marked. Homogeneous differential painting of the whole chromosome complements of both parents seems then a requirement to detect any eventual crop-wild chromatid exchange. GISH can achieve a clear complete discrimination in some hybrid combinations like wheat ! rye (King et al., 1994; Benavente et al., 1996) , Hordeum vulgare ! H. bulbosum (Zhang et al., 1999) , Asiatic ! Oriental lilies (Barba- Gonzalez et al., 2005) or Allium cepa ! A. fistulosum (Stevenson et al., 1998) ( Fig. 5 ) . However, incomplete extent of chromosome painting may prevent the accurate resolution of some recombinants, as reported for Lycopersicon esculentum ! L. pennellii hybrids by Ali et al. (2002) . Even in hybrids with excellent GISH discrimination between the parental genomes, additional difficulties must be kept in mind when cytological analyses are performed to estimate crop-wild recombination frequencies, i.e., the technical limitations to detect small sized exchanges on highly condensed chromosomes and the restrictions to resolve exchanged fragments depending on some parameters of the GISH procedure (Lukaszewski et al., 2005) .
Fertility of hybrids (and their progenies)
Interspecific hybrids will act as successful bridges for gene flow between related species in nature if they are able to produce offspring, even at low frequencies. Separate estimation of male and female fertility is of great interest since hybrid descents can be formed not only on the hybrid but also on plants growing in its vicinity after pollen dispersal. It must be noted that although some of the methodologies mentioned in this section cannot be classified as cytogenetic tools, all of them deal with reproductive cells (or tissues) and use equipment and chemicals of routine use in most labs conducting cytogenetic studies. Therefore, their inclusion has been considered pertinent for a complete overview of the different approaches that could provide information on hybrid fertility.
The simplest method to evaluate male fertility is pollen staining with traditional stains like aceto-carmine and acid fuchsin (e.g., Choudhary et al., 2002; Chen et al., 2003; Matsuoka et al., 2007) . This allows a rapid confirmation of pol-len sterility, often accompanied with indehiscence of anthers in totally sterile hybrids. With Alexander stain (Alexander, 1969) , the cytoplasm of viable pollen grains is stained purple while sterile grains are empty and their envelopes appear light green (Binsfeld et al., 2001; Techio et al., 2006) ( Fig. 11 ) . Fluorescein diacetate (FDA) has also been used for staining pollen samples (Ewald et al., 2000; Liu et al., 2004) with the assumption that intense fluorescence is correlated with pollen activity (Heslop-Harrison and Heslop-Harrison, 1970) . Although these approaches are the most common to predict the level of male fertility, studies on pollen function in interspecific hybrids and derivatives have shown that pollen grains assumed to be viable based on their staining ability do not necessarily germinate or penetrate the female tissue (Chung et al., 1996) .
Meiosis disturbances in the hybrids result in many aneuploid pollen grains (and eggs). These unbalanced gametes are usually non functional or provoke unsuccessful embryo development after self-or cross-fertilization though fertile descents can be occasionally derived. Unreduced (2n) gametes, which transmit the whole chromosome complement of individuals to their offspring, are mostly those involved in the fertility restoration of interspecific hybrid combinations (Bretagnolle and Thompson, 1995) . Bigger pollen size is the first indicator of the production of unreduced gametes since nuclear restitution during the first (FDR) or the second (SDR) division promotes the formation of dyads instead of the usual tetrads (see Fig. 12 ). Hence the volume of unreduced pollen grains will be approximately twice the usual volume of a pollen grain. In hybrids with a certain degree of fertility, it is then not infrequent to observe giant pollen grains neighbouring sterile and smaller pollen grains that correspond to the abortion of aneuploid cells ( Fig. 11 ) . Then a more accurate prediction of hybrid male fertility might be based on the frequency of large and stained (that is to say unreduced and viable) pollen grains (Stefani, 1986; . The distribution of the size of heterogeneous populations of pollen can also be examined by measurements of DNA content, and estimation of unreduced male gametes based on flow cytometry analyses is documented (Van Tuyl et al., 1989) . DAPI staining is also helpful to detect variation of DNA content between pollen grains .
The significance of unreduced gamete formation on the level of hybrid fertility has aimed at cytological studies on male gametogenesis. So counting dyads at the tetrad microspore stage ( Fig. 12 ) has been a common alternative or complement to pollen analyses in order to assess male fertility (Nassar and Freitas, 1997; Zhang et al., 1998) . However the most relevant contribution of cytogenetics on this topic has been the identification of the nuclear restitution mechanisms underlying 2n gamete formation in some important crops that naturally produce unreduced gametes like potato (Mok and Peloquin, 1975) , alfalfa (Barcaccia et al., 2003) , and blueberry (Qu and Vorsa, 1999) , as well as in a number of interspecific hybrids (Lim et al., 2001 (Lim et al., , 2004 Barba-Gonzalez et al., 2005) . The implication of some spindle anomalies on 2n pollen production by direct visualization of miFigs. 11-13. Methodologies for male fertility studies. 11. Alexander staining of a pollen sample from a semi-fertile F 1 hybrid between durum wheat and Ae. geniculata . The cytoplasm of viable pollen (arrow) stains purple while pollen walls are blue-green (arrowhead). Viable pollen grains show remarkable size variation. 12. Aceto-carmine staining of pollen mother cells at the tetrad (T) stage from a durum wheat ! Ae. cylindrica semi-fertile hybrid. The presence of dyads (D) evidences non-reductional meiosis and accounts for functional 2n-pollen formation. 13. Visualization of pollen germination and penetration in the style by fluorescence microscopy after aniline blue staining of pollen tubes in cork-oak ( Quercus suber ). From Feijo et al. (1999) . Bar: 50 m. Reproduced with kind permission of Springer Science and Business Media.
crotubules and other cytoskeleton components is also documented (Genualdo et al., 1998; Conicella et al., 2003) . A thorough description of cyto-approaches and their achievements related to unreduced gamete formation has been authored by .
Access to female gametophytes in order to carry out cytological observations is more difficult and time consuming. This explains that seed sets on the mother hybrid plant, either by selfing or after pollination with any of the parents, provides the only reliable evaluation of female fertility (e. g., Chevre et al., 1998) .
The cytological basis of pollen sterility has been established in many interspecific hybrids by visualization of chromosome pairing and segregation during microsporogenesis, which is generally characterized by univalents and multivalents (e.g., Kerlan et al., 1993; Mariam et al., 1996) as well as many other meiotic abnormalities including lagging chromosomes or chromatids, chromatin bridges, asynchronous nuclei during the second division and micronuclei (e.g., Atlagic et al., 1993; Ulloa et al., 1994; Haroun, 1996; Soares-Scott et al., 2003) . Multiple irregularities related to meiotic spindle behaviour have also been demonstrated by conventional chromatin staining (Shamina et al., 2005) . It is very likely that such mechanisms also affect egg cell fertility.
The processes from pollination to fertilization are relevant within the crop-to-wild gene flow scheme since pollenstyle incompatibility and delayed or incomplete pollen tube growth have been demonstrated to be important as early post-zygotic barriers between species (e.g., Lefol et al., 1996; reviewed in Tiffin et al., 2001) . Following pollination, pollen germination and tube growth can be observed, even in vivo, with fluorescence microscopy after differential staining of pollen cell walls and nuclei with aniline blue and DAPI, respectively Feijo et al., 1999) ( Fig. 13 ) . Scanning electron microscopy can also be used to examine adherence, germination and growth of the pollen tube on the stigma from fixed tissues (Liu et al., 2004) . The panel of hybrids in which these methodologies have been applied is limited but covers a wide range of taxa, from crops like rice (Liu et al., 2004) and pea (Ochatt et al., 2004) to trees like cork (Boavida et al., 2001) or birch , which indicates that they are potentially transferable to interspecific hybrids from any cultivated species. The complete set of recipes for pollen observations in Arabidopsis compiled by Johnson-Brousseau and McCormick (2004) could also be certainly worthy in studies on interspecific hybrids.
Karyotype evolution in hybrid progenies
Two purposes can be outlined for cytological analysis on crop ! wild hybrid progenies: to determine the chromosome constitutions in the offspring from the interspecific hybrid or subsequent generations, and to characterize cropwild recombinant chromosomes eventually transmitted to their progenies.
Flow cytometry and karyotype analysis by means of traditional or DAPI staining methods are routine techniques to confirm the expected 2n value of individuals in selfed (F 2 ) or backcrossed (BC 1 ) hybrid progenies (Anderson et al., 1991; Inomata, 2002; Herrera et al., 2004; Chevre et al., 2007) . But these approaches can lead to inconclusive results on the following early generations derived from the original hybrid, which are characterized by a high frequency of aneuploid complement transmission (Nassar et al., 1995; Atlagic and Skoric, 1999) . In these situations, techniques that discriminate specific chromosomes or genomes are more helpful (Parokonny et al., 1997; Benavente et al., 2001; Peterka et al., 2002; Wang et al., 2002) and may be again a confident complement to approaches based on species-specific molecular markers (e.g., Ochatt et al., 2004) . It can be added that cytological methods disclosing the chromosome or DNA content in hybrid progenies have served to demonstrate the formation of unreduced gametes (pollen or eggs or both) in many crop ! wild hybrids (Anderson et al., 1991; Nassar et al., 1995; Lefol et al., 1996; Hussain et al., 1997; Chevre et al., 2007) , as well as to evidence the straight relation between 2n-gamete production and hybrid fertility (Wei et al., 2006) .
The second main reason for cytogenetic studies on interspecific hybrid progenies is to monitor the transmission and stabilization of specific chromosomes or recombinants in the hybrid lineage. The usefulness of these techniques for unequivocal demonstration of alien introgression in many different crops is heavily documented (e.g., Friebe et al., 1996; Dilkova et al., 2000) while only a few studies deal with crop-to-wild genome transfer (Chevre et al., 2007) . De novo meiotic formation of crop-wild recombinants in the subsequent generations can also be assessed either indirectly, as based upon the evidence of allosyndetic pairing in MI cells of hybrid descents (Anderson et al., 1991; Hussain et al., 1997; Lim et al., 2000; Ji and Chetelat, 2003) , or by direct cytological demonstration of new recombinant chromosomes (Parokonny et al., 1997; Morgan et al., 2001) .
Initial screening of hybrid progenies is generally based on approaches that check incorporation of specific traits (i.e., disease resistances) or molecular markers from the donor parent. Once genetic transfer has been demonstrated, then cytological analyses are conducted to confirm introgression and, in some instances, to further determine the amount and chromosome location of the alien chromatin on the hybrid derivatives (e.g., Friebe et al., 1996; Zhang et al., 2001; Wei et al., 2003; Kosmala et al., 2006) . However, preliminary cytogenetic analyses can provide useful information on the potential for gene exchange at a wide genome level (Parokonny et al., 1997; Benavente et al., 2001 ) and may serve to identify the chromosomes for which interspecific transfer has the greatest probability of occurring.
C-banding has been very efficient for physical mapping of alien segments in wheat breeding lines (e.g., Friebe et al., 1996) and other interspecific hybrid derivatives (Lukaszewski, 1995) . However, the contribution of this technique for studies in other crops is virtually none. Despite some technical limitations demonstrated by Lukaszewski et al. (2005) , GISH is currently the most common tool to visualize alien segments in crop genomes. The numerous examples cited in earlier reviews (Jiang and Gill, 1994; Gill and Friebe, 1998; Humphreys et al., 2003; Gupta et al., 2005) mostly refer to species having large chromosomes. However, an increasing number of reports confirms that this method can also be successful in detecting stable introgression in crop species less suitable for cytogenetic analyses like rice (Yan et al., 2001; Jin et al., 2006) , sugar beet (Desel et al., 2002) , coffee (Herrera et al., 2007) ( Fig. 9 ) and potato (Dong et al., 2001) ( Fig. 10 ) . Though mitotic chromosomes are the common target for ISH procedures, cytological demonstration of introgressions on meiotic pachytene spreads is also documented (Garriga-Caldere et al., 1999; Desel et al., 2002) . GISH analyses are sometimes followed by molecular marker approaches for further identification of the specific alien chromosomes or chromosome segments incorporated into the recipient genome (Tang et al., 2005; Ma et al., 2006) , but this goal can also be achieved by sequential or simultaneous FISH of total genomic DNAs with other classes of DNA probes (Dong et al., 2001; Kosmala et al., 2006; Herrera et al., 2007 ) (see Figs. 9 , 10) .
Concluding remarks (a starting point?)
This paper aimed to indicate some important steps that have to be addressed to evaluate the probability of unintentional gene transfer between crops and related species. It is clearly apparent from the literature that only a few cases have yet been documented and they mostly involve main crops on which a lot of work has been carried out. Thus, there is a need to investigate the gene transfer potential in an enlarged group of species, including those for which transgenesis is programmed. The number of species concerned is remarkably higher than the number of species for which genomic resources are available to carry out sequencing or molecular genotyping. In these cases, cytogenetic techniques are very valuable tools to get a quick and accurate diagnosis of the possibility of gene transfer and establishment of stable introgression. Some techniques may be poorly efficient for gene flow studies between close species with slightly divergent genomes. However, when the two partner species have differentiated genomes, cytogenetic methods can rapidly be used to identify the potential progenitors of a hybrid and the wild chromosome segments susceptible to preferentially receive the crop genetic sequences. Cytogenetics may also be used as a complement to phylogenetic studies based on gene sequencing when their results allege ancient gene flow between species. If the transferred segment has not been deeply modified in its repeated elements composition, cytogenetic tools can still reveal its alien origin. Such data are critically needed to elaborate a long term vision of the efficiency of gene transfer in species adaptation. As transgenesis is still in its childhood, documenting older events may help to discuss the fate of a transgene eventually disseminated in the wild.
